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(57) The objective lens (8) of the present invention 
includes a center portion (Al) and a periphery portion 
(A2) surrounding the center portion. An aberration of 
the periphery portion is corrected such that a light spot 
is formed by the convergence of a luminous flux which 
has been transmitted through the periphery portion and 
then transmitted through a first light transmissive flat 
plate (1 0), and an aberration of the center portion is cor- 
rected such thai a light spot is formed by the conver- 
gence of a luminous flux which has been transmitted 
through the center portion and then transmitted through 
a second light transmissive flat plate which is thicker 
than the first light transmissive flat plate. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an objective lens 
for converging the light emitted from a light source onto 
the information recording surface of an optical disk, and 
also relates to an optical head and an optical disk 
device for optically recording/reproducing information 
onto/from an optical disk using the objective lens. 

2. DESCRIPTION OF THE RELATED ART: 

An objective lens used for an optical head is 
designed in view of the predetermined base material 
thickness of an optical disk. Thus, when an optical disk 
having a different base material thickness from the pre- 
determined thickness is installed, a spherical aberration 
is caused, so that the convergence performance is dete- 
riorated and it becomes difficult to precisely 
record/reproduce information onto/from the optical disk. 
All of conventional optical disks, including a so-called 
"compact disk (CD)", i.e., a read-only disk for music 
replay, a video disk and a magneto -optical disk for data 
storage, have a uniform base material thickness of 
about 1.2 mm. Therefore, it has heretofore been possi- 
ble to record/reproduce information from optical disks of 
various types by using a single optical head. 

On the other hand, a digital video disk (DVD), the 
specifications of which have recently been unified, uses 
an objective lens having an increased numerical aper- 
ture (NA) in order to realize a high density. If the numer- 
ical aperture is increased, then the optical resolution of 
an optical disk is improved. As a result, the width of a 
frequency band on which the recording/reproducing 
operations are enabled can be expanded. However, if 
an optical disk to be installed has a tilt, then a coma is 
adversely increased. In general, an optical disk is tilted 
to a certain degree against an objective lens, because 
the optical disk itself has a certain deflection and some 
inclination is almost always involved when the optical 
disk is installed into an optical disk device. Conse- 
quently, a kind of aberration called "coma" is generated 
in a converged light spot. The coma disadvantageous^ 
prevents the convergence performance from being 
improved even when the numerical aperture is 
increased. 

Thus, the base material thickness of a DVD (it is 
noted that the "base material thickness" of a DVD corre- 
sponds to the thickness of one of a pair of bonded sub- 
strates, unlike the cases of conventional optical disks) is 
reduced to about 0.6 mm such that the coma is not 
increased even when the numerical aperture of an 
objective lens is increased. However, reducing the base 
material thickness of an optical disk means changing 
the predetermined base material thickness for an objec- 



tive lens for recording/reproducing information 
onto/from the optical disk. As a result, the objective lens 
for the changed base material thickness can no longer 
be used for recording/reproducing information 
5 onto/from conventional optical disk6 (i.e., CDs. mag- 
neto-optical disks for data storage, etc.). i.e.. the objec- 
tive lens is no longer compatible with the conventional 
optical disks. 

In order to solve such a problem, a device using two 

w optical heads such as that shown in Figure 12 is pro- 
posed. The device shown in Figure 1 2 includes two opti- 
cal heads 70 and 83. The optical head 70 is used for 
recording/reproducing information onto/from an optical 
disk 10 having a base material thickness of about 0.6 

15 mm, while the optical head 83 is used for record- 
ing/reproducing information onto/from an optical disk 1 1 
having a base material thickness of about 1 .2 mm. It is 
noted that, in Figure 12, the left half portion of the opti- 
cal disk 10 having the base material thickness of about 

20 0.6 mm and the right half portion of the optical disk 11 
having the base material thickness of about 1.2 mm are 
selectively illustrated. 

In the optical head 70, the radiated light having a 
wavelength of about 650 nm which has been emitted 

25 from a semiconductor laser device 71 is condensed by 
a condenser lens 72 to be transformed into a luminous 
flux 73 of substantially parallel light beams. The lumi- 
nous flux 73 is p-polarized light, which is incident onto 
and transmitted through a polarization beam splitter 74 

30 and transformed by a quarter-wave plate 75 into sub- 
stantially circularly polarized light. The circularly polar- 
ized light is reflected by a reflective mirror 76 to be 
incident onto an objective lens 77. The luminous flux 73 
transmitted through the objective lens 77 is converged 

35 onto the information recording surface of the optical disk 
10 having the base material thickness of about 0.6 mm, 
thereby forming a light spot 78 thereon. 

The luminous flux reflected by the optical disk 10 
passes through the objective lens 77, the reflective mir- 

40 ror 76 and the quarter -wave plate 75 again to be inci- 
dent onto the polarization beam splitter 74. Since the 
reflected luminous flux is transformed by the quarter- 
wave plate 75 into s-polarized light, the s-polarized light 
is reflected by the polarization beam splitter 74, passed 

45 through a converging lens 79 and a cylindrical lens 80, 
and is received by a photodetector 81 . The photodetec- 
tor 61 photoelectrically converts the received reflected 
luminous flux to form a reproduced signal, forms a 
focusing control signal in accordance with an astigma- 

so tism method, forms a tracking control signal in accord- 
ance with a phase difference method and a push-pull 
method, and then outputs these signals. 

An objective lens driver 82 drives the objective lens 
77 in the focusing direction and the tracking direction, 

55 thereby making the light spot 78 follow the tracks on the 
surface of the recording medium onto/from which the 
information is recorded/reproduced. 

On the other hand, in the optical head 83. the radi- 
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ated tight having a wavelength of about 780 nm which 
has been emitted from a semiconductor laser device 84 
is condensed by a condenser lens 85 to be transformed 
into a luminous flux 86 of substantially parallel light 
beams. The luminous flux 86 is p-polarized light, which s 
is incident onto and transmitted through a polarization 
beam splitter 87 and transformed by a quarter-wave 
plate 88 into substantially circularly polarized light. The 
circularly polarized light is reflected by a reflective mirror 

89 to be incident onto an objective lens 90. The lumi- to 
nous flux 86 transmitted through the objective lens 90 is 
converged onto the information recording surface ol the 
optical disk 11 having the base material thickness of 
about 1.2 mm, thereby forming a light spot 91 thereon. 

The luminous flux reflected by the optical disk 11 is 
passes through the objective lens 90, the reflective mir- 
ror 89 and the quarter-wave plate 88 again to be inci- 
dent onto the polarization beam splitter 87. Since the 
reflected luminous flux is transformed by the quarter- 
wave plate 88 into s-polarized light, the s-polarized light so 
is reflected by the polarization beam splitter 87, passed 
through a converging lens 92 and a cylindrical lens 93, 
and received by a photodetector 94. The photodetector 
94 photoelectrlcally converts the received reflected 
luminous flux to form a reproduced signal, forms a 25 
focusing control signal in accordance with an astigma- 
tism method, forms a tracking control signal in accord- 
ance with a phase difference method and a push-pull 
method, and then outputs these signals. 

An objective lens driver 95 drives the objective lens 30 

90 in the focusing direction and the tracking direction, 
thereby making the light spot 91 follow the tracks on the 
surface of the recording medium onto/from which the 
information is recorded/reproduced. 

In the above-described arrangement, in the case of 35 
recording/reproducing information onto/from the optical 
disk 11 having a base material thickness of about 1.2 
mm such as a CD. the optical head 83 is operated and 
controlled such that the light spot 91 is formed on the 
information recording surface of the optical disk 1 1 . On 40 
the other hand, in the case of recording/reproducing 
information onto/from the optical disk 1 0 having a base 
material thickness of about 0.6 mm such as a DVD, the 
optical head 70 is operated and controlled such thai the 
light spot 78 is formed on the information recording sur- 4S 
face of the optical disk 10. In this way, information can 
be recorded/reproduced onto/from both the optical 
disks 10 and 11 having different base material thick- 
nesses. 

However, in the above-described conventional so 
arrangement, since two optical heads are used, two 
optical systems including optical members, photodetec- 
tors, objective I ens drivers, focusing drivers and tracking 
drivers are required, so that the necessary costs are 
doubled. ss 

Furthermore, though a distance S between the light 
spots 78 and 91 is constant, the angle 0 formed 
between the line linking the light spots 78 and 91 and an 
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information track 95 on the inner periphery of the optical 
disk is different from the angle 0 formed between the 
line linking the light spots 78 and 91 and an information 
track 95 on the outer periphery of the optical disk. When 
the angles 8 are variable, the diffraction patterns of the 
information tracks 95 which are included in the reflected 
luminous flux rotate, thereby varying the levels of the 
tracking signals and deteriorating the quality of the 
tracking signals. 

Moreover, when an optical disk is installed within a 
cartridge, the two objective lens drivers 82 and 95 are 
required to be disposed within an opening 96 of the car- 
tridge. Thus, since the objective lens drivers 82 and 95 
must be downsized, the forces of the objective lens driv- 
ers 82 and 95 for driving the objective lenses 77 and 90 
are decreased, and It becomes difficult to reproduce 
information from an optical disk by increasing the rota- 
tions per minute of the optical disk. 

SUMMARY OF THE INVENTION 

The objective lens of the present invention includes 
a center portion and a periphery portion surrounding 
the center portion. An aberration of the periphery por- 
tion is corrected such that a light spot is formed by the 
convergence of a luminous flux which has been trans- 
mitted through the periphery portion and then transmit- 
ted through a first light transmissive flat plate, and an 
aberration of the center portion is corrected such that a 
light spot is formed by the convergence of a luminous 
flux which has been transmitted through the center por- 
tion and then transmitted through a second light trans- 
missive flat plate which is thicker than the first light 
transmissive flat plate. 

The optical head of the present invention includes: 
a light source for emitting a luminous flux; an objective 
lens for converging the luminous flux onto either the 
information recording surface of a first light transmissive 
flat plate functioning as a recording medium or the infor- 
mation recording surface of a second light transmissive 
flat plate also functioning as a recording medium; and a 
photodetector for detecting the luminous flux, which has 
been reflected by or transmitted through the information 
recording surface of the first or the second light trans- 
missive flat plate, thereby outputting an electric signal. 
The objective lens includes a center portion and a 
periphery portion surrounding the center portion. An 
aberration of the periphery portion is corrected such 
that a light spot is formed by the convergence of the 
luminous flux which has been transmitted through the 
periphery portion and then transmitted through the first 
light transmissive flat plate, and an aberration of the 
center portion is corrected such that a light spot is 
formed by the convergence of the luminous flux which 
has been transmitted through the center portion and 
then transmitted through the second light transmissive 
flat plate which is thicker than the first light transmissive 
flat plate. 
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In one embodiment, the first and the second light 
trans missive flat plates have a thickness tl and a thick- 
ness t2 f respectively, the aberration of the periphery 
portion is corrected such that a light spot is formed by 
the convergence of the luminous flux which ha6 been 5 
transmitted through the periphery portion of the objec- 
tive lens and then transmitted through the first light 
transmissive flat plate having the thickness tl, and the 
aberration of the center portion is corrected such that a 
light spot is formed by the convergence of the luminous w 
flux which has been transmitted through the center por- 
tion of the objective lens and then transmitted through a 
light transmissive flat plate having a thickness in the 
range from about Ct2 x 0.7) to t2. 

In another embodiment, the thickness t2 of the sec- 15 
ond light transmissive flat plate is set at a thickness 
approximately twice as large as the thickness t1 of the 
first light transmissive flat plate. 

In still another embodiment, the optical head further 
include aperture control means for limiting the aperture 20 
of the objective lens. The aperture of the objective lens 
is limited by the aperture control means when the lumi- 
nous flux emitted from the light source is converged 
onto the information recording surface of the second 
light transmissive flat plate. 25 

In still another embodiment, the optical head further 
includes separation means for separating the luminous 
flux, which has been reflected by or transmitted through 
either the information recording surface of the first light 
transmissive flat plate or the information recording sur- so 
face of the second light transmissive flat plate, into a 
first luminous flux which has been transmitted through 
the periphery portion of the objective lens and a second 
luminous flux which has been transmitted through the 
center portion of the objective lens. The photodetector 35 
detects the first and the second luminous fluxes, 
thereby outputting respective electric signals. The elec- 
tric signals of the photodetector respectively corre- 
sponding to the first and the second luminous fluxes are 
selected when the luminous flux emitted from the light 40 
source is converged onto the information recording sur- 
face of the first light transmissive flat plate, and the elec- 
tric signal of the photodetector corresponding to the 
second luminous flux is selected when the luminous flux 
emitted from the light source is converged onto the 45 
information recording surface of the second light trans- 
missive flat plate. 

In still another embodiment, the separation means 
is a polarizing hologram. 

In still another embodiment, assuming the wave- so 
length of the luminous flux emitted from the light source 
is denoted by X nm, the numerical aperture of the center 
portion of the objective lens is set to be substantially 
equal to or smaller than (A/780) x 0.53. 

In still another embodiment, assuming the wave- 55 
length of the luminous flux emitted from the light source 
is in the range from about 600 nm to about 700 nm, the 
numerical aperture of the center portion of the objective 



lens is set in the range from about 0.34 to about 0.4 and 
the numerical aperture of the periphery portion of the 
objective lens is set to be substantially equal to about 
0.6. 

The optical head according to another aspect of the 
present invention includes: a first light source for emit- 
ting a first luminous flux; a second light source for emit- 
ting a second luminous flux having a wavelength 
different from a wavelength of the first luminous flux 
emitted by the first light source; an objective lens for 
converging the first luminous flux onto the information 
recording surface of a first light transmissive flat plate 
functioning as a recording medium and for converging 
the second luminous flux onto the information recording 
surface of a second light transmissive flat plate also 
functioning as a recording medium; and a photodetector 
for detecting the luminous flux, which has been 
reflected by or transmitted through the information 
recording surface of the first or the second light trans- 
missive flat plate, thereby outputting an electric signal. 
The objective lens includes a center portion and a 
periphery portion surrounding the center portion. An 
aberration of the periphery portion is corrected such 
that a light spot is formed by the convergence of the first 
luminous flux which has been transmitted through the 
periphery portion and then transmitted through the first 
light transmissive flat plate, and an aberration of the 
center portion is corrected such that a light spot is 
formed by the convergence of the second luminous flux 
which has been transmitted through the center portion 
and then transmitted through the second light transmis- 
sive fiat plate which is thicker than the first light trans- 
missive flat plate. 

In one embodiment, assuming the thickness tl of 
the first light transmissive flat plate to be about 0.6 mm 
and the thickness t2 of the second light transmissive flat 
plate to be about 1 .2 mm, the aberration of the periph- 
ery portion Is corrected such that a light spot is formed 
by the convergence of the first luminous flux which has 
been transmitted through the periphery portion of the 
objective lens and then transmitted through the first light 
transmissive flat plate having the thickness of about 0.6 
mm, and the aberration of the center portion is cor- 
rected such that a light spot is formed by the conver- 
gence of the second luminous flux which has been 
transmitted through the center portion of the objective 
lens and then transmitted through a light transmissive 
flat plate having a thickness in the range from about 
0.84 mm to about 1 .2 mm. 

In another embodiment, the optical head further 
includes aperture control means for limiting the aperture 
of the objective lens. The aperture of the objective lens 
is limited by the aperture control means when the sec- 
ond luminous flux emitted from the second light source 
is converged onto the information (recording surface of 
the second light transmissive flat plate. 

In still another embodiment, the aperture control 
means is a wavelength filter for transmitting the second 
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luminous flux emitted from the second light source and 
blocking the first luminous flux emitted from the first light 
source. 

In still another embodiment, the optical head further 
includes separation means for separating the luminous s 
flux, which has been reflected by or transmitted through 
either the information recording surface of the first light 
transmissive flat plate or the information recording sur- 
face of the second light transmissive flat plate, into the 
first luminous flux which has been transmitted through 
at least the periphery portion of the objective lens and 
the second luminous flux which has been transmitted 
through the center portion of the objective lens. The 
photodetector detects the first and the second luminous 
fluxes, thereby outputting respective electric signals. 
The electric signal of the photodetector corresponding 
to the first luminous flux is selected when the first lumi- 
nous flux is converged onto the information recording 
surface of the first light transmissive flat plate, and the 
electric signal of the photodetector corresponding to the 
second luminous flux is selected when the second lumi- 
nous flux is converged onto the information recording 
surface of the second fight transmissive flat plate. 

In still another embodiment, the separation means 
is a polarizing hologram. 

In still another embodiment, assuming the wave- 
length of the first luminous flux emitted from the first 
light source is in the range from about 600 nm to about 
700 nm and the wavelength of the second luminous flux 
emitted from the second light source is in the range from 
about 750 nm to about 860 nm, the numerical aperture 
of the center portion of the objective lens is set to be 
substantially equal to about 0.45 and the numerical 
aperture of the periphery portion of the objective lens is 
set to be substantially equal to about 0.6. 

The optical head according to still another aspect of 
the present invention includes: a light source for emit- 
ting a luminous flux; an objective lens for converging the 
luminous flux onto either the information recording sur- 
face of a first light transmissive flat plate functioning as 
a recording medium or the information recording sur- 
face of a second light transmissive flat plate also func- 
tioning as a recording medium; separation means for 
separating the luminous flux, which has been reflected 
by or transmitted through either the information record- 
ing surface of the first light transmissive flat plate or the 
information recording surface of the second light trans- 
missive flat plate, into a first luminous flux which has 
been transmitted through the periphery portion of the 
objective lens and a second luminous flux which has 
been transmitted through the center portion of the 
objective lens; and a photodetector for detecting the first 
and the second luminous fluxes, thereby outputting 
respective electric signals. 

The optical disk device of the present invention, 
including an optical head, records/reproduces informa- 
tion onto/from the information recording surfaces of a 
first and a second optical disks which have respectively 



different thicknesses and are used as the first and the 
second light transmissive flat plates of the optical head. 
The optical head includes a light source for emitting a 
luminous 1 lux; an objective lens for converging the lumi- 
nous flux onto either the information recording surface 
of a first light transmissive flat plate functioning as a 
recording medium or the information recording surface 
of a second light transmissive flat plate also functioning 
as a recording medium; and a photodetector for detect- 
ing the luminous flux, which has been reflected by or 
transmitted through the information recording surface of 
the first or the second light transmissive flat plate, 
thereby outputting an electric signal, the objective lens 
including a center portion and a periphery portion sur- 
rounding the center portion, an aberration of the periph- 
ery portion bring corrected such that a light spot is 
formed by the convergence of the luminous flux which 
has been transmitted through the periphery portion and 
then transmitted through the first light transmissive flat 
plate, and an aberration of the center portion being cor- 
rected such that a light spot is formed by the conver- 
gence of the luminous flux which has been transmitted 
through the center portion and then transmitted through 
the second light transmissive flat plate which is thicker 
than the first light transmissive flat plate. Trie objective 
lens ol the optical head converges the luminous flux 
onto the information recording surfaces of the first and 
the second optical disks. The photodetector of the opti- 
cal head detects the luminous flux, which has been 
reflected by or transmitted through the information 
recording surface of the first or the second disk, thereby 
outputting an electric signal. 

The optical disk device according another aspect of 
the present invention, including an optical head, 
records/reproduces information onto/from the informa- 
tion recording surfaces of a first and a second optical 
disks which have respectively different thicknesses and 
are used as the first and the second light transmissive 
flat plates of the optical head. The optical head includes 
a first light source for emitting a first luminous flux; a 
second light source for emitting a second luminous flux 
having a wavelength different from a wavelength of the 
first luminous flux emitted by the first light source; an 
objective lens for converging the first luminous flux onto 
the information recording surface of a first light trans- 
missive flat plate functioning as a recording medium 
and for converging the second luminous flux onto the 
information recording surface of a second light trans- 
missive flat plate also functioning as a recording 
medium; and a photodetector for detecting the luminous 
flux, which has been reflected by or transmitted through 
the information recording surface of the first or the sec- 
ond light transmissive flat plate, thereby outputting an 
electric signal, the objective lens including a center por- 
tion and a periphery portion surrounding the center por- 
tion, an aberration of the periphery portion being 
corrected such that a light spot is formed by the conver- 
gence of the first luminous flux which has been transmi- 
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led through the periphery portion and then transmitted 
through the first light transmissive flat plate, and an 
aberration of the center portion being corrected such 
that a light spot is formed by the convergence of the 
second luminous flux which has been transmitted 5 
through the center portion and then transmitted through 
the second light transmissive flat plate which is thicker 
than the first light transmissive flat plate. The objective 
lens of the optical head converges the luminous flux 
onto the information recording surfaces of the first and 10 
the second optical disks. The photodetector of the opti- 
cal head detects the luminous flux, which has been 
reflected by or transmitted through the information 
recording surface of the first or the second disk, thereby 
outputting an electric signal. is 

The optical disk device according still another 
aspect of the present invention, records/reproduces 
information onto/from the information recording sur- 
faces of a first and a second optical disks which have 
respectively different thicknesses and are used as the 20 
first and the second light transmissive flat plates of the 
optical head. The optical head includes: a light source 
for emitting a luminous flux; an objective lens for con- 
verging the luminous flux onto either the information 
recording surface of a first light transmissive flat plate 25 
functioning as a recording medium or the information 
recording surface of a second light transmissive flat 
plate also functioning as a recording medium; separa- 
tion means for separating the luminous flux, which has 
been reflected by or transmitted through either the infor- 30 
mation recording surface of the first light transmissive 
flat plate or the information recording surface of the sec- 
ond light transmissive flat plate, into a first luminous flux 
which has been transmitted through the periphery por- 
tion of the objective lens and a second luminous flux 35 
which has been transmitted through the center portion 
of the objective lens; and a photodetector for detecting 
the first and the second luminous fluxes, thereby output- 
ting respective electric signals. The objective lens of the 
optical head converges the luminous flux onto the infor- 40 
mation recording surfaces of the first and the second 
optical disks The photodetector of the optical head 
detects the luminous flux, which has been reflected by 
or transmitted through the information recording surface 
of the first or the second disk, thereby outputting an as 
electric signal. 

Thus, the invent on described herein makes possi- 
ble the advantages of (1) providing an objective lens 
enabling a single optical head to record/reproduce infor- 
mation onto/from optical disks having different thick- so 
nesses, (2) providing an optical head using the objective 
lens, and (3) providing an optical disk device including 
the optical head. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 55 
reading and understanding the following detailed 
description with reference to the accompanying figures. 




BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing the first exam- 
ple of the optical head of the present invention. 

Figure 2 A shows the cross section and the upper 
surface of an objective lens In the optical head shown in 
Figure 1, and Rgure 2B is a partially enlarged cross- 
sectional view of the objective lens shown in Figure 2A. 

Figure 3A is a view showing how information is 
recorded/reproduced by the optical head shown in Fig- 
ure 1 onto/from an optical disk having a base material 
thickness of about 0 6 mm, and Figure 3B is a view 
showing how information is recorded/reproduced by the 
optical head shown in Figure 1 onto/from an optical disk 
having a base material thickness of about 1 .2 mm. 

Rgure 4A illustrates the function of the objective 
lens in the state shown in Figure 3 A, and Figure 4B 
illustrates the function of the objective lens in the state 
shown in Figure 3B. 

Figure 5 is a block diagram showing the second 
example of the optical head of the present invention. 

Rgure 6 is a cross-sectional view of a polarizing 
hologram in the optical head shown in Figure 5. 

Rgure 7 is a partially enlarged view of the optical 
head shown in Figure 5. 

Rgure 8 is a block diagram showing the third exam- 
ple of the optical head of the present invention. 

Rgure 9 shows the cross section and the upper sur- 
face of the objective lens in the optical head shown in 
Figure 8. 

Rgure 10A is a view showing how information is 
recorded/reproduced by the optical head shown in Fig- 
ure 8 onto/from an optical disk having a base material 
thickness of about 0.6 mm, and Figure 1 0B is a view 
showing how information is recorded/reproduced by the 
optical head shown in Figure 8 onto/from an optical disk 
having a base material thickness of about 1 .2 mm. 

Rgure 11 is a block diagram showing the fourth 
example of the optical head of the present invention. 

Rgure 12 is a block diagram showing a conven- 
tional optical head. 

Rgure 13 is a plan view illustrating the operation of 
the optical head shown in Figure 12. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, the present invention will be described 
by way of illustrative examples with reference to the 
accompanying drawings. 

EXAMPLE 1 

Rgure 1 illustrates the first example of the optical 
head of the present invention. 

In Rgure 1 , the radiated light having a wavelength 
of about 650 nm which has been emitted from a semi- 
conductor laser device 1 is condensed by a condenser 
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lens 2 to be transformed into a luminous flux 3 of sub- 
stantially parallel light beams. The luminous flux 3 is p- 
polarized light, which is incident onto and transmitted 
through a polarization beam splitter 4. 

The luminous flux 3 which has been transmitted s 
through the polarization beam splitter 4 is transformed 
by a quarter-wave plate 5 from linearly polarized light 
into substantially circularly polarized light, reflected by a 
reflective mirror 6, passed through an aperture control 
section 7 and then incident onto an objective lens 8. 

As shown in Figure 2A, the objective lens 8 
includes a center portion A1 , and a periphery portion 
A2 surrounding the center portion A1 . The numerical 
aperture (NA) of the center portion A1 is about 0.37 and 
the NA of the periphery portion A2 is about 0.6. The 
center portion A1 having the numerical aperture of 
about 0.37 is designed such that the aberration of a light 
spot to be transmitted through the center portion A1 and 
formed on the information recording surface of an opti- 
cal disk becomes minimum when the base material 
thickness of the optical disk is about 0.9 mm. On the 
other hand, the periphery portion A2 having the numer- 
ical aperture of about 0.6 is designed such that the 
aberration of a light spot to be transmitted through the 
periphery portion A2 and formed on the information 
recording surface of an optical disk becomes minimum 
when the base material thickness of the optical disk is 
about 0.6 mm. 

Figure 2B illustrates the cross-sectional shape of 
the upper portion of the objective lens 8. By forming the 
center portion A1 in the shape shown in Figure 2B. a 
light spot with a minimized aberration can be formed on 
the information recording surface of an optical disk hav- 
ing a base material thickness of about 0.9 mm. On the 
other hand, by forming the periphery portion A2 in the 
shape shown in Figure 2B, a light spot with a minimized 
aberration can be formed on the information recording 
surface of an optical disk having a base material thick- 
ness of about 0.6 mm. The surface region including the 
periphery portion A2 and the center portion A1 has a 
smoothly varying aspheric shape. 

The aperture control section 7 is provided with a 
shutter 7a which is movable in a direction indicated by 
the arrow X in Figure 1. When the shutter 7a is moved 
to the left to be located on the optical path, the shutter 
7a limits the aperture of the objective lens 8. On the 
other hand, when the shutter 7a is moved to the right to 
be out of the optical path, the shutter 7a does not limit 
the aperture of the objective lens 8. 

Figure 3A illustrates how information is 
recorded/reproduced onto/lrom the optical disk 10 hav- 
ing a base material thickness of about 0.6 mm. In this 
case, the shutter 7a is out of the optical path. Thus, the 
numerical aperture of the objective lens 8 is not limited 
by the shutter 7a but is limited to about 0.6 by the inner 
diameter of an objective lens holder 9. Consequently, 
the luminous flux 3a is transmitted through the center 
portion Ai and the periphery portion A2 of the objective 



lens 8 and converged by the objective lens/8 to form a 
light spot 12a on the information recording surface of 
the optical disk 10 having a base material thickness of 
about 0.6 mm. 

Figure 3B illustrates how information is 
recorded/reproduced onto/from the optical disk 11 hav- 
ing a base material thickness of about 1 .2 mm, not from 
the optical disk 10. In this case, the shutter 7a is moved 
onto the optical path. Thus, the numerical aperture of 
the objective lens 8 is limited by the shutter 7a to about 
0.37. Consequently, the luminous flux 3b is transmitted 
only through the center portion A1 of the objective lens 
8 to form a light spot 12b on the information recording 
surface of the optical disk 11 having a base material 
thickness of about 1 .2 mm. 

The reflected luminous fluxes 13a and 13b which 
have been reflected by the optical disks 10 and 11, 
respectively, are condensed again by the objective tens 
8, passed through the aperture control section 7, the 
reflective mirror 6 and the quarter-wave plate 5 and then 
incident onto the beam splitter 4. 

Since the reflected luminous fluxes 13a and 13b 
are transformed by the quarter- wave plate 5 into s- 
polarized light, the reflected luminous fluxes 13a and 
1 3b are reflected by the beam splitter 4, passed through 
the converging lens 14 and the cylindrical lens 15 and 
received by the photodetector 16. 

The photodetector 16 photoelectrical converts the 
received luminous fluxes 13a and 13b to form repro- 
duced signals, forms focusing control signals in accord- 
ance with an astigmatism method, forms tracking 
control signals in accordance with a phase difference 
method and a push-pull method, and then outputs these 
signals. 

An objective lens driver 17 drives the objective lens 
8 in the focusing direction and the tracking direction, 
thereby making the light spots 1 2a and 1 2b respectively 
follow the tracks on the surface of the optical disks 10 
and 11 onto/from which the information is 
recorded/reproduced. 

Next, trie objective lens 8 will be described in more 
detail below. 

As described above, the numerical aperture of the 
periphery portion A2 of the objective lens 8 is about 0.6. 
The periphery portion A2 is designed such that the 
aberration of the light spot 12a formed on the informa- 
tion recording surface of the optical disk 10 having a 
base material thickness of about 0.6 mm becomes min- 
imum when the luminous flux 3a has been transmitted 
through the periphery portion A2 and converged on the 
information recording surface. 

When the luminous flux 3a passes through the 
periphery portion A2, the luminous flux 3a also passes 
through the center portion AI of the objective lens 8. 
Thus, as shown in Figure 4 A, the luminous fluxes which 
have respectively passed through the center portion A1 
and the periphery portion A2 are converged onto the 
information recording surface of the optical disk 10 hav- 
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ing a base material thickness of about 0.6 mm. The 
center portion A1 is designed such that the aberration 
of the light spot 12a becomes minimum when the base 
material thickness of an optical disk is about 0.9 mm, as 
described above. In addition, the center portion A1 and s 
the periphery portion A2 are designed such that the 
first-order side lobe of the light spot 1 2a is minimized by 
the reciprocal interference of the respective luminous 
fluxes which have passed through the center portion A1 
and the periphery portion A2 to reach the information w 
recording surface of the optical disk 10 having a base 
material thickness of about 0.6 mm. As a result, the 
third-order spherical aberration caused by the light spot 
12a converged by the center portion A1 and the periph- 
ery portion A2 can be suppressed to a similar level to rs 
that of a conventional lens which has been exclusively 
designed so as to form a light spot with a minimized 
aberration on the information recording surface of an 
optical disk having a base material thickness of about 
0.6 mm. 20 

When the third-order spherical aberration is sup- 
pressed in this way, a higher-order aberration is 
increased to the contrary. However, such a higher-order 
aberration appears as a higher-order side lobe of the 
light spot 12a. Since the higher-order side lobe is dis- 25 
tributed over a wide range, the reflected light caused by 
the higher-order side lobe does not contain high-band 
signal components and the light amount thereof is aver- 
aged. Thus, even when such reflected light is received 
and photoelectrically converted by the photodetector 30 
16, the signal components thereof do not constitute 
noise components oi the reproduced signals, the focus- 
ing control signals and the tracking control signals, and 
therefore do not deteriorate these signals. Accordingly, 
even when the luminous flux 3a is passed through the 35 
center portion A1 and the periphery portion A2 so as to 
be converged, a sufficiently small light spot 12a can be 
formed, thereby precisely recording/reproducing infor- 
mation onto/Trom an optical disk having a base material 
thickness of about 0.6 mm such as a DVD. 40 

On the other hand, as also described above, the 
aberration of the light spot formed on the information 
recording surface of an optical disk by making a lumi- 
nous flux pass through the center portion A1 of the 
objective lens 8 becomes minimum when the base 45 
material thickness of the optical disk is about 0.9 mm. 
When the luminous flux 3b which has passed through 
the center portion A1 is converged on the information 
recording surface of the optical disk 11 having a base 
material thickness of about 1.2 mm, the aberration of so 
the light spot 12b becomes approximately half of the 
aberration defined by Marshall's criteria. In other words, 
the size of the light spot 12b can be reduced to a practi- 
cal size. 

As is clear from Figure 4B, when the luminous flux ss 
passed through the periphery portion A2 is converged 
on the information recording surface of the optical disk 
11 having a base material thickness of about 1 .2 mm, a 



blurred light spot is formed. On the other hand, when 
the luminous flux passed through the center portion A1 
is converged on the information recording surface of the 
optical disk 11, a sufficiently small light spot 12b is 
formed. Thus, if the numerical aperture of the objective 
lens 8 is limited by the shutter 7a to about 0.37 and the 
luminous flux 3b is allowed to pass only through the 
center portion A1 so as to be converged, then a suffi- 
ciently small light spot 12b can be formed. Conse- 
quently, information can be precisely 
recorded/reproduced onto/from an optical disk having a 
base material thickness of about 1 .2 mm such as a CD. 

If a luminous flux is converged onto an optical disk 
having a base material thickness of about 1 .2 mm such 
as a CD by using a conventional objective lens 
designed exclusively for an optical disk having a base 
material thickness o1 about 0.6 mm such as a DVD, then 
a large spherical aberration is caused so that the lumi- 
nous flux is not converged into a point. Though the 
spherical aberration is relatively small in the paraxial 
rays located in the vicinity of the optica! axis, a critical 
read error is likely to be caused when the base material 
thickness of the optical disk used is doubled. If an objec- 
tive lens having a numerical aperture of about 0.6 which 
has been predetermined for an optical disk having a 
base material thickness of about 0.6 mm is used, the 
numerical aperture of the objective tens is limited to 
about 0.37 and a luminous flux is converged onto an 
optical disk having a base material thickness of about 
1.2 mm, then a spherical aberration of about 60 mX is 
caused, if information is recorded/reproduced onto/irom 
the optical disk in such a state, then the resulting jitter is 
increased by about 30% and the quality of the focusing 
signal is deteriorated. Though it is not impossible to 
reproduce information when the quality of the signal is 
deteriorated to such a degree, it is desirable to reduce 
the spherical aberration in view of the variations oi the 
environment, fabrication error of the optical disks and 
the (ike. 

If the base material thickness of an optical disk 
which can form a light spot with a minimized aberration 
through the center portion A1 of the objective lens 8 
having a numerical aperture of about 0.37 (hereinafter, 
such a base material thickness will be referred to as an 
•'optimum base material thickness") is set to be 70% of 
the base material thickness of about 1.2 mm of the opti- 
cal disk (i.e., about 0.84 mm), then the spherical abena- 
tion can be reduced to about 40 mX, and information 
can be reproduced with substantially no error. Alterna- 
tively, the optimum base material thickness of the center 
portion A1 having a numerical aperture of about 0.37 
may be set in an approximate range from about 0.84 
mm to about 1.2 mm. 

In the first example, since the optimum base mate- 
rial thickness of the center portion A1 of the objective 
lens 8 having a numerical aperture of about 0.37 is set 
at about 0.9 mm which is greater than about 0.6 mm, 
information can be precisely recorded/reproduced 
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orrto/from an optical disk having a base materia! thick- 
ness of about 1.2 mm. 

A wavefront aberration is increased in an optical 
disk having a base material thickness of about 0.6 mm 
such as a DVD. However, since almost all of the wave- s 
front aberration is a higher-order aberration, a spherical 
aberration, which is a critical problem during reproduc- 
tion, can be suppressed to a low level. 

Thus, the objective lens of the present invention 
hardly deteriorates the performance of the optical head 
with respect to a DVD and can improve the reproduction 
performance of the optical head with respect to a CD. 

In a conventional device for reproducing information 
from a CD, the wavelength of a luminous flux emitted 
from a semiconductor laser device is set in the range 
from about 780 nm to about 820 nm and the numerical 
aperture of an objective lens is set at about 0.45. On the 
other hand, in various information recording/reproduc- 
ing devices for a video disk and the like, the numerical 
aperture of an objective lens is further increased to 
about 0.53. 

In this first example, since the wavelength of the 
luminous flux emitted from the semiconductor laser 
device 1 is set at about 650 nm, the numerical aperture 
of the center portion A1 of the objective lens 8 is set in 
accordance with the wavelength of about 650 nm. If a 
device in which the base material thickness of an optical 
disk is set at about 1.2 mm, the wavelength of the lumi- 
nous flux emitted from a semiconductor laser device is 
set at about 780 nm, and the numerical aperture of an 
objective lens is set at about 0.45 is assumed to be 
used; then the numerical aperture required for realizing 
a similar performance to that of such a device by setting 
the wavelength X at an appropriate value is obtained by 
(A/780) x 0.45. Since the wavelength of the luminous 
flux is about 650 nm in this case, the numerical aperture 
becomes (650/780) x 0.45 = 0.375. which is approxi- 
mately equal to the numerical aperture (= about 0.37) of 
the center portion A1 ol the objective lens 8. 

In a conventional device for reproducing information 
from a DVD, the wavelength of a luminous flux emitted 
from a semiconductor laser device is set in the range 
from about 635 nm to about 660 nm and the numerical 
aperture of the objective lens Is set at about 0.6 in many 
cases. In addition, the wavelength of the luminous flux is 
possibly set in the range from about 600 nm to about 
700 nm. 

In the first example, the wavelength of a luminous 
flux emitted from the semiconductor laser device 1 is set 
at about 650 nm and the numerical aperture of the 
periphery portion A2 of the objective lens 8 is set at 
about 0.6. Thus, the optical disk device of this example 
can maintain a reproduction ability comparable to that of 
a conventional device. 

EXAMPLE 2 

Figure 5 illustrates the second example of the opti- 



cal head of the present invention. 

In Figure 5, the radiated light having a wavelength 
of about 650 nm which has been emitted from a semi- 
conductor laser device 21 is condensed by a condenser 
lens 22 to be transformed into a luminous flux 23 of sub- 
stantially parallel light beams. The luminous flux 23 is p- 
polarized light, which is incident onto and transmitted 
through a polarization beam splitter 24. The luminous 
flux 23 which has been transmitted through the polariza- 
tion beam splitter 24 is reflected by a reflective mirror 25 
and is incident onto a polarizing hologram 26. 

As shown in Figure 6, the polarizing hologram 26 is 
provided with a hologram on a LiNb substrate having 
birefringence properties and is configured so as to dif- 
fract ordinary light and to transmit extraordinary light. 
Alternatively, the hologram may be formed by subjecting 
the LiNb substrate to a proton exchange. 

Almost all the components of the luminous flux 23 
are those of extraordinary light, which is incident onto 
and transmitted through the polarizing hologram 26. A 
quarter-wave plate 27 is integrated with the polarizing 
hologram 26. The luminous flux! 23 passes through the 
quarter- wave plate 27 for transforming linearly polarized 
light into circularly polarized light, and is incident onto 
an objective lens 28. An objective lens holder 29 limits 
the aperture of the objective lens 28 such that the 
numerical aperture thereof becomes about 0.6. 

The objective lens 28 includes a center portion A1 
and periphery portion A2 surrounding the center portion 
A1, in the same way as the objective lens 8 shown in 
Figure 2A. The numerical aperture (NA) of the center 
portion A1 is about 0.37 and the NA of the periphery 
portion A2 is about 0.6. The center portion A1 having 
the numerical aperture of about 0.37 is designed such 
that the aberration of a light spot passed through the 
center portion A1 and formed on the information record- 
ing surface of an optical disk becomes minimum when 
the base material thickness of the optical disk is about 
0.9 mm. On the other hand, the periphery portion A2 
having the numerical aperture of about 0.6 is designed 
such that the aberration of a light spot passed through 
the periphery portion A2 and formed on the information 
recording surface of an optical disk becomes minimum 
when the base material thickness of the optical disk is 
about 0.6 mm. 

The luminous flux 23 converged by the objective 
lens 28 forms a light spot 12a on the information record- 
ing surface of the optical disk 10 having a base material 
thickness of about 0.6 mm or forms a light spot 12b on 
the information recording surface of the optical disk 11 
having a base material thickness of about 1 .2 mm. 

Next, the reflected luminous flux 31 reflected by the 
optical disk 10 or 11 is condensed again by the objec- 
tive lens 28, transformed by the quarter-wave plate 27 
from substantially circularly polarized light into linearly 
polarized light which is orthogonal to the luminous flux 
23, and incident onto the polarizing hologram 2$. Thus, 
the reflected light 31 is incident as ordinary light onto 
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the polarizing hologram 26 and then diffracted by the 
polarizing hologram 26 to be divided into three reflected 
luminous fluxes 32, 33 and 34, as shown in Figure 7. 

The polarizing hologram 26 includes a center 
region and a periphery region corresponding to the 
center portion A1 and the periphery portion A2 of the 
objective lens 28, respectively, and the patterns of the 
hologram are designed so as to correspond to the 
respective regions. Consequently, the luminous flux 
which has passed through the center portion A1 having 
a numerical aperture of about 0.37 and then passed 
through the center region of the polarizing hologram 26 
becomes the reflected luminous flux 32, and the lumi- 
nous fluxes which have passed through the periphery 
portion A2 having a numerical aperture in the range 
from about 0.37 to about 0.6 and then passed through 
the periphery region of the polarizing hologram 26 
become the reflected luminous fluxes 33 and 34. 

The reflected luminous fluxes 32, 33 and 34 are 
reflected by the reflective mirror 25 and incident onto 
the polarization beam splitter 24. Since these reflected 
luminous fluxes 32, 33 and 34 are transformed by the 
quarter-wave plate 27 into s-polarized light and then 
incident onto the polarization beam splitter 24, these 
luminous fluxes are reflected by the polarization beam 
splitter 24, passed through a converging lens 35 and a 
cylindrical lens 36 and then received by photodetectors 
37, 38 and 39. respectively 

The photodetector 37 receives the reflected lumi- 
nous flux 32 to form a reproduced signal, forms a focus- 
ing control signal in accordance with an astigmatism 
method, forms a tracking control signal in accordance 
with a phase difference method and a push-pull 
method, and then outputs these signals. Similarly, the 
two other photodetectors 38 and 39 receive the lumi- 
nous fluxes 33 and 34, respectively, and form and out- 
put the respective reproduced signals. 

An objective lens driver 40 drives the objective lens 
28 in the focusing direction and the tracking direction, 
thereby making the light spots 12a and 12b follow the 
tracks on the surface of the optical disks 10 and 11 
onto/from which the information Is recorded/repro- 
duced. 

Alternatively, the polarizing hologram 26 and the 
quarter-wave plate 27 may be integrated with the objec- 
tive lens 28 and the assembly may be driven by the 
objective lens driver 40. 

In the above-described arrangement, in order to set 
the numerical aperture of the objective lens 28 at about 

0. 6 so that information is reproduced from the optical 
disk 10 having a base material thickness of about 0.6 
mm, it Is necessary to select all the luminous fluxes 
which have been passed through the center portion A1 
and the periphery portion A2 of the objective lens 28, 

1. e., all of the reflected luminous fluxes 32, 33 and 34. 
For such a purpose, a sum of the signals reproduced by 
the respective photodetectors 37, 38 and 39 is 
obtained, and the sum signal is used. In this case, infor- 



mation is reproduced from the optical disk 10 by using 
all the reflected luminous flux 31 , i.e.. all of the luminous 
fluxes 32, 33 and 34. 

On the other hand, in order to set the numerical 

s aperture of the objective lens 28 at about 0 37 so that 
information is reproduced from the optical disk 11 hav- 
ing a base material thickness of about 1 .2 mm, it is nec- 
essary to select a part of the luminous flux 31 which 
have been passed through the center portion A1 of the 

io objective lens 28, i.e., only the reflected luminous flux 
32. For such a purpose, only the signal reproduced by 
the photodetector 37 is used. 

In this way, the reflected luminous flux 32 which has 
passed through the center portion A1 having a numeri- 

15 cal aperture of about 0.37 and the luminous fluxes 33 
and 34 which have passed through the periphery por- 
tion A2 having a numerical aperture in the range from 
about 0.37 to about 0.6 are formed by making the polar- 
izing hologram 26 separate the reflected luminous flux 

20 31 reflected by the optical disk 1 0 or 1 1 , instead of sub- 
stantially limiting the aperture of the objective lens 28. 
These reflected luminous fluxes 32, 33 and 34 are indi- 
vidually detected by the photodetectors 37, 38 and 39, 
respectively, and then the reproduced signals of the 

25 photodetectors 37, 38 and 39 are selectively used. In 
such a case, since no mechanical drive system is 
required for limiting the aperture of the objective lens, a 
downsized and highly reliable optical head can be 
formed. 

30 

EXAMPLE 3 

Figure 8 illustrates the third example of the optical 
head of the present invention. 

35 In Figure 8, radiated light having a wavelength of 
about 650 nm which has been emitted from a first sem- 
iconductor laser device 41 is p-polarized light, which is 
transmitted through a first polarization beam splitter 42, 
and then incident onto an optical path synthesizer/sep- 

40 arator 43. The optical path synthesizer/separator 43 is 
configured so as to transmit a luminous flux having a 
wavelength of about 650 nm and to reflect a luminous 
flux having a wavelength of about 780 nm. Thus, the 
radiated light having a wavelength of about 650 nm 

45 which has been emitted from the first semiconductor 
laser device 41 is transmitted through the optical path 
synthesizer/separator 43 and then condensed by a con- 
denser lens 46 to be transformed into a luminous flux 47 
of substantially parallel light beams. 

so The luminous flux 47 passes through a quarter- 
wave plate 49 for transforming linearly polarized light 
into substantially circularly polarized light, a reflective 
mirror 50 and a wavelength filter 51 so as to be incident 
onto an objective lens 52. 

55 The wavelength filter 51 is configured such that the 
region thereof corresponding to the center portion of the 
objective lens 52 having a numerical aperture of about 
0.45 or less transmits light having a wavelength of about 
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650 nm and light having a wavelength of about 780 nm. 
and that the region thereof corresponding to the periph- 
ery portion of the objective lens 52 having a numerical 
aperture larger than about 0.45 transmits light having a 
wavelength of about 650 nm but reflects light having a 
wavelength of about 780 nm. 

Thus, the luminous flux 47 having a wavelength of 
about 650 nm is transmitted through the wavelength fil- 
ter 51 . In this case, the numerical aperture of the objec- 
tive lens 52 is limited by an objective lens holder 53 to 
about 0.6. The luminous flux 47 transmitted through the 
objective lens 52 with the numerical aperture limited to 
about 0.6 is converged by the objective lens 52 to form 
a light spot 54 on the information recording surface of 
the optical disk 10 having a base material thickness of 
about 0.6 mm. 

On the other hand, radiated light having a wave- 
length of about 780 nm which has been emitted from a 
second semiconductor laser device 44 is also p-polar- 
ized light, which is transmitted through a second polari- 
zation beam splitter 45, and then incident onto the 
optical path synthesizer/separator 43. The optical path 
synthesizer/separator 43 is configured so as to reflect a 
luminous flux having a wavelength of about 780 nm. 
Thus, the radiated light having a wavelength of about 
780 nm is reflected by the optical path synthesizer/sep- 
arator 43 and then condensed by the condenser lens 46 
to be transformed into a luminous flux 48 of substan- 
tially parallel light beams. 

The luminous flux 48 passes through the quarter- 
wave plate 49 for transforming linearly polarized light 
into substantially circularly polarized light, the reflective 
mirror 50 and the wavelength filter 51 so as to be inci- 
dent onto the objective lens 52. Since the luminous flux 
48 has a wavelength of about 780 nm, the luminous flux 
48 is reflected by the region of the wavelength filter 51 
corresponding to the periphery portion of the objective 
lens 52 having a numerical aperture larger than about 
0.45 and is transmitted by the region of the wavelength 
filter 51 corresponding to the center portion of the objec- 
tive lens 52 having a numerical aperture of about 0.45 
or less. As a result, the numerical aperture of the objec- 
tive lens 45 is substantially limited to about 0.45. When 
the numerical aperture is limited to about 0.45, the lumi- 
nous flux 48 is converged by the objective lens 52 to 
form a light spot 55 on the information recording surface 
of the optical disk 11 having a base material thickness 
of about 1.2 mm. 

The objective lens 52 is designed as shown in Fig- 
ure 9. Specifically, the center portion B1 having the 
numerical aperture of about 0.45 is designed such that 
the aberration of a light spot formed on the information 
recording surface of an optical disk becomes minimum 
when the base material thickness of the optical disk is 
about 0.9 mm. On the other hand, the periphery portion 
B2 having the numerical aperture in the range from 
about 0.45 to about 0.6 is designed such that the aber- 
ration of a light spot formed on the information recording 



surface of an optical disk becomes minimum when the 
base material thickness of the optical disk is about 0.6 
mm. The surface of the objective lens 52 through which 
the luminous fluxes are transmitted is a continuous and 

s smooth spherical surface. 

Figure 10A illustrates how information is 
recorded/reproduced onto/from the optical disk 10 hav- 
ing a base material thickness of about 0.6 mm. In this 
case, the luminous flux 47 having a wavelength of about 

io 650 nm which has been emitted from the first semicon- 
ductor laser device 41 is transmitted through both the 
center portion B1 and the periphery portion B2 of the 
objective lens 52. Thus, the numerical aperture of the 
objective lens 52 is limited to about 0.6. The reflected 

16 luminous flux 56 reflected by the optical disk 1 0 is con- 
densed again by the objective lens 52 and passed 
through the wavelength filter 51 . the reflective mirror 50, 
the quarter-wave plate 49 and the optical path synthe- 
sizer/separator 43 so as to be incident onto the first 

20 polarization beam splitter 42. The reflected luminous 
flux 56 is transformed by the quarter-wave plate 49 into 
s-polarized light, which is reflected by the first polariza- 
tion beam splitter 42, passed through a first cylindrical 
lens 58 and is received by a first photodetector 59. The 

25 first photodetector 59 photoelectrical^ converts the 
received reflected luminous flux 56 to form a repro- 
duced signal, forms a focusing control signal in accord- 
ance with an astigmatism method, forms a tracking 
control signal in accordance with a phase difference 

30 method and a push-pull method, and then outputs these 
signals 

Figure 10B illustrates how information is 
recorded/reproduced onto/from the optical disk 11 hav- 
ing a base material thickness of about 1.2 mm. in this 

35 case, the luminous flux 43 having a wavelength of about 
780 nm which has been emitted from the second semi- 
conductor laser device 44 is transmitted only through 
the center portion B1 of the objective lens 52. Thus, the 
numerical aperture of the objective lens 52 is limited to 

40 about 0.45. The reflected luminous flux 57 reflected by 
the optical disk 11 is condensed again by the objective 
lens 52, passed through the wavelength filter 51, the 
reflective mirror 50 and the quarter-wave plate 49 and 
reflected by the optical path synthesizer/separator 43 so 

45 as to be incident onto the second polarization beam 
splitter 45. The reflected luminous flux 57 is transformed 
by the quarter-wave plate 49 into s-polarized light, 
which is reflected by the second polarization beam split- 
ter 45, passed through a second cylindrical lens 60 and 

so is received by a second photodetector 61 . The second 
photodetector 61 photoelectrically converts the 
received reflected luminous flux 57 to form a repro- 
duced signal, forms a focusing control signal in accord- 
ance with an astigmatism method, forms a tracking 

55 control signal in accordance with a phase difference 
method and a push-pull method, and then outputs these 
signals. 

In this way. the aberration in the center portion B1 
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having a numerical aperture of about 0.45 is corrected 
such that the optimum base material thickness of the 
optical disk becomes about 0.9 mm. When information 
is reproduced from the optical disk 1 1 having a base 
material thickness of about 1 .2 mm such as a CD, the s 
numerical aperture of the objective lens 52 is limited to 
about 0.45. As a result, the aberration of the light spot 
can be set at a level comparable with a conventional 
objective lens, the spherical aberration ol which has 
been wholly corrected such that the optimum base w 
material thickness becomes about 0.6 mm. Further- 
more, when information is reproduced from the optical 
disk 10 having a base material thickness of about 0.6 
mm such as a DVD. the third-order spherical aberration 
of the objective lens is not increased even if the numer- 1S 
ical aperture of the objective lens 52 is set at about 0.6. 

In this third example, the aberration of the center 
portion B1 of the objective lens 52 is corrected such that 
the optimum base material thickness becomes about 
0.9 mm. Alternatively, the aberration of the center por- 20 
tion B1 may be corrected such that the optimum base 
material thickness becomes 70% or more of the base 
material thickness of the optical disk 11 , in the same 
way as in the first example illustrated in Figure 1. 

Moreover, in this example, the wavelength filter 51 25 
is used as a means lor limiting the aperture of the lumi- 
nous flux 48. However, the same effects can also be 
attained even when the aperture of the reflected lumi- 
nous flux 57 is limited by using a polarizing hologram, 
as described in the second example illustrated in Fig- 30 
ures 4A and 4B. 

EXAMPLE 4 

Figure 11 illustrates the fourth example of the opti- 35 
cal head of the present invention. 

In Figure 11 , the radiated light having a wavelength 
of about 650 nm which has been emitted from a semi- 
conductor laser device 1 is condensed by a condenser 
lens 2 to be transformed into a luminous flux 3 of sub- 40 
stantially parallel light beams. The luminous flux 3 is p- 
polarized light, which is Incident onto and transmitted 
through a polarization beam splitter 4. The luminous 
flux 3 which has been transmitted through the polariza- 
tion beam splitter 4 is passed through and transformed 45 
by a quarter-wave plate 5 from linearly polarized light 
into substantially circularly polarized light, reflected by a 
reflective mirror 6, and then incident onto an objective 
lens 8. An objective lens holder 9 limits the numerical 
aperture of the objective lens 8 to about 0.6. so 

As described with reference to Figure 2A. the 
numerical aperture (NA) of the center portion A1 of the 
objective lens 8 is about 0.37 and the N A of the periph- 
ery portion A2 thereof is about 0.6. The center portion 
A1 having the numerical aperture of about 0.37 is 55 
designed such that the aberration of a light spot formed 
on the information recording surface of an optical disk 
becomes minimum when the base material thickness of 



the optical disk is about 0.9 mm On the other hand, the 
periphery portion A2 having the numerical aperture of 
about 0.6 is designed such that the aberration of a light 
spot formed on the information recording surface of an 
optical disk becomes minimum when the base material 
thickness of the optical disk is about 0.6 mm. 

The luminous flux 3 converged by the objective lens 
8 forms a light spot 12a on the information recording 
surface of the optical disk 10 having a base material 
thickness of about 0.6 mm or forms a light spot 12b on 
the information recording surface of the optical disk 1 1 
having a base material thickness of about 1 .2 mm. 

Next, the reflected luminous flux 61 reflected by the 
optical disk 10 or 11 is condensed again by the objec- 
tive lens 8 and transformed by the quarter-wave plate 5 
from substantially circularly polarized light Into linearly 
polarized light which is orthogonal to the luminous flux 
3. Thus, the reflected light 61 is incident as s-polarized 
light onto and reflected by the polarization beam splitter 
4 and passed through a converging lens 62 to be inci- 
dent onto a light separation mirror 63. 

The light separation mirror 63 transmits the lumi- 
nous flux transmitted through the center portion A1 of 
the objective lens 8 corresponding to a numerical aper- 
ture of about 0.37 and reflects the luminous flux trans- 
mitted through the periphery portion A2 of the objective 
lens 8. The reflected luminous flux 64 transmitted 
through the light separation mirror 63 has an astigma- 
tism because the luminous flux 64 has been transmitted 
through the light separation mirror 63 having an inclina- 
tion. The luminous flux 64 is received by a first photode- 
tector 66. On the other hand, the reflected luminous flux 
65 reflected by the light separation mirror 63 is received 
by a second photodetector 67. 

The first photodetector 66 photoelectrically con- 
verts the received luminous flux 64 to form a repro- 
duced signal, forms a focusing control signal in 
accordance with an astigmatism method, forms a track- 
ing control signal in accordance with a phase difference 
method and a push-pull method, and then outputs these 
signals. On the other hand, the second photodetector 
67 receives the reflected luminous flux 65 and forms 
and outputs a reproduced signal. 

An objective lens driver 1 7 drives the objective lens 
8 in the focusing direction and the tracking direction, 
thereby making the light spot 12a or 12b follow the 
tracks on the surface of the optical disk 10 or 11 
onto/from which the information is recorded/repro- 
duced. 

In the above-described anangement, in order to set 
the numerical aperture of the objective lens 8 at about 
0.6 so that information is reproduced from the optical 
disk 10 having a base material thickness of about 0.6 
mm, it is necessary to select all of the luminous flux 
which has been passed through the center portion A1 
and the periphery portion A2 of the objective lens 8, i.e., 
the reflected luminous fluxes 64 and 65. For such a pur- 
pose, a sum of the signals reproduced by the first and 
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the second photodetectors 66 and 67 is obtained, and 
the sum signal is used. On the other hand, in order to 
set the numerical aperture of the objective lens 8 at 
about 0.37 so that information is reproduced from the 
optical disk 11 having a base material thickness of s 
about 1 .2 mm. it is necessary to select a part of the 
luminous flux 61 which has been transmitted through 
the center portion A1 of the objective lens 8, i.e., only 
the reflected luminous flux 64. For such a purpose, only 
the signal reproduced by the first photodetector 66 is 70 
used. 

In this way, instead of substantially I imrting the aper- 
ture of the objective lens 8, the reflected luminous flux 
61 which has been reflected by the optical disk 1 0 or 1 1 
is separated by the light separation mirror 63, thereby is 
forming the reflected luminous flux 64 which has passed 
through the center portion A1 having a numerical a per- 
ture of about 0.37 and the luminous flux 65 which has 
passed through the periphery portion A2 corresponding 
to a numerical aperture In the range from about 0.37 to 20 
about 0.6. These reflected luminous fluxes 64 and 65 
are individually detected by the first and the second 
photodetectors 66 and 67 and then the reproduced sig- 
nals of the first and the second photodetectors 66 and 
67 are selectively used. In such a case, since no 25 
mechanical drive system is required for limiting the 
aperture of the objective lens, a downsized and highly 
reliable optica! head can be formed 

In the foregoing examples, the present invention 
has been described as being applied to an objective 30 
lens and an optical head. However, it should be noted 
that an optical disk device (i.e.. a device for record- 
ing/reproducing information onto/from a CD, a DVD and 
the like) including the objective lens and the optical 
head of the present invention also lalls within the scope 35 
of the present invention. 

As is apparent from the foregoing description, 
instead of providing an objective lens for a DVD which is 
optimized for an optical disk having a base material 
thickness of about 0.6 mm, the present invention pro- 40 
vides an objective lens, the aberration of the center por- 
tion of which is corrected so as to form a light spot with 
a minimized aberration on an optical disk having a base 
material thickness in the range from about 0.84 mm to 
about 1.2 mm and the aberration of the periphery por- 45 
tion of which is corrected so as to form a light spot with 
a minimized aberration on an optical disk having a base 
material thickness of about 0.6 mm, thereby record- 
ing/reproducing information onto/from both a CD having 
a base material thickness of about 1.2 mm and a DVD so 
having a base material thickness of about 0.6 mm. 

In addition, in the case of recording/reproducing 
information onto/from a CD, the aperture of an objective 
lens is limited to the center portion thereof, thereby 
forming a light spot of the same size as that of a light ss 
spot formed by a conventional optical head exclusively 
used for a CD. Consequently, an optical head for a DVD 
can be provided with reduced costs and without using 
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two optical systems and two objective lens drivers (or 
focusing drivers and tracking drivers) which are required 
in the conventional example shown in Figure 12. 

Furthermore, since the present invention can down- 
size an optical head without deteriorating the quality of 
a tracking signal as compared with a conventional opti- 
cal head, information can be reproduced easily from an 
optical disk installed within a cartridge. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1 . An objective lens comprising a center portion and a 
periphery portion surrounding the center portion, 

wherein an aberration of the periphery por- 
tion is corrected such that a light spot is formed by 
the convergence of a luminous flux which has been 
transmitted through the periphery portion and then 
transmitted through a first light transmissive flat 
plate, 

and wherein an aberration of the center por- 
tion is corrected such that a light spot is formed by 
the convergence of a luminous flux which has been 
transmitted through the center portion and then 
transmitted through a second light transmissive flat 
plate which is thicker than the first light transmissive 
flat plate. 

2. An optical head comprising: 

a light source for emitting a luminous flux; 
an objective lens for converging the luminous 
flux onto either the information recording sur- 
face of a first light transmissive flat plate func- 
tioning as a recording medium or the 
information recording surface of a second light 
transmissive flat plate also functioning as a 
recording medium; and 

a photodetector for detecting the luminous flux, 
which has been reflected by or transmitted 
through the information recording surface of 
the first or the second light transmissive flat 
plate, thereby outputtjng an electric signal, 

wherein the objective lens includes a 
center portion and a periphery portion sur- 
rounding the center portion. 

and wherein an aberration of the periph- 
ery portion is corrected such that a light spot is 
formed by the convergence of the luminous flux 
which has been transmitted through the periph- 
ery portion and then transmitted through the 
first light transmissive flat plate. 
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and wherein an aberration of the center 
portion is corrected such that a light spot is 
formed by the convergence of the luminous flux 
which has been transmitted through the center 
portion and then transmitted through the sec- 5 
end light transmissive flat plate which is thicker 
than the first light transmissive flat plate. 

3. An optical head according to claim 2, wherein the 
first and the second light transmissive flat plates 10 
have a thickness t1 and a thickness t2, respectively, 

the aberration of the periphery portion is cor- 
rected such that a light spot is formed by the 
convergence of the luminous flux which has 15 
been transmitted through the periphery portion 
of the objective lens and then transmitted 
through the first light transmissive flat plate 
having the thickness tl t 

and the aberration of the center portion is cor- 20 
rected such that a light spot is formed by the 
convergence of the luminous flux which has 
been transmitted through the center portion of 
the objective lens and then transmitted through 
a light transmissive fiat plate having a thickness 25 
in the range from about (t2 x 0.7) to t2. 

4. An optical head according to claim 3, wherein the 
thickness t2 of the second light transmissive flat 
plate is set at a thickness approximately twice as so 
large as the thickness t1 of the first light transmis- 
sive flat plate. 
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the second luminous fluxes are selected when the 
luminous flux emitted from the light source is con- 
verged onto the information recording surface of the 
first light transmissive flat plate, 

and wherein the electric signal of the photo- 
detector corresponding to the second luminous flux 
is selected when the luminous flux emitted from the 
light source is converged onto the information 
recording surface of the second light transmissive 
flat plate. 

7. An optical head according to claim 6, wherein the 
separation means is a polarizing hologram. 

8. An optical head according to claim 1, wherein, 
assuming the wavelength of the luminous flux emit- 
ted from the light source is denoted by X nm ( the 
numerical aperture of the center portion of the 
objective lens is set to be substantially equal to or 
smaller than (X/780) x 0.53. 

9. An optical head according to claim 1, wherein, 
assuming the wavelength of the luminous flux emit- 
ted from the light source is in the range from about 
600 nm to about 700 nrn, the numerical aperture of 
the center portion of the objective lens is set in the 
range from about 0.34 to about 0.4 and the numer- 
ical aperture of the periphery portion of the objec- 
tive lens is set to be substantially equal to about 
0.6. 

10. An optical head comprising: 



5. An optical head according to claim 2, further com- 
prising aperture control means for limiting the aper- 35 
ture of the objective lens, 

wherein the aperture of the objective lens is 
limited by the aperture control means when the 
luminous flux emitted from the light source is con- 
verged onto the information recording surface of the 40 
second light transmissive flat plate. 

6. An optical head according to daim 2, further com- 
prising separation means for separating the lumi- 
nous flux, which has been reflected by or 45 
transmitted through either the information recording 
surface of the first light transmissive flat plate or the 
information recording surface of the second light 
transmissive flat plate, into a first luminous flux 
which has been transmitted through the periphery so 
portion of the objective lens and a second luminous 
flux which has been transmitted through the center 
portion of the objective lens, 

wherein the photodetector detects the first 
and the second luminous fluxes, thereby outputting ss 
respective electric signals, 

and wherein the electric signals of the photo- 
detector respectively corresponding to the first and 



a first light source for emitting a first luminous 
flux; 

a second light source for emitting a second 
luminous flux having a wavelength different 
from a wavelength of the first luminous flux 
emitted by the first light source; 
an objective lens for converging the first lumi- 
nous flux onto the information recording sur- 
face of a first light transmissive flat plate 
functioning as a recording medium and for con- 
verging the second luminous flux onto the infor- 
mation recording surface of a second light 
transmissive flat plale also functioning as a 
recording medium; and 

a photodetector for detecting the luminous flux, 
which has been reflected by or transmitted 
through the information recording surface of 
the first or the second light transmissive flat 
plate, thereby outputting an electric signal, 

wherein the objective lens includes a 
center portion and a periphery portion sur- 
rounding the center portion, 

and wherein an aberration of the periph- 
ery portion is corrected such that a light spot is 
formed by the convergence of the first luminous 
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flux which has been transmitted through the 
periphery portion and then transmitted through 
the first light transmissive llat plate, 

and wherein an aberration of the center 
portion is corrected such that a light spot is 5 
formed by the convergence of the second lumi- 
nous flux which has been transmitted through 
the center portion and then transmitted through 
the second light transmissive flat plate which is 
thicker than the first light transmissive flat plate. 10 

11. An optical head according to claim 10, wherein the 
first and the second light transmissive flat plates 
have a thickness t1 and a thickness t2, respectively, 

15 

the aberration of the periphery portion is cor- 
rected such that a light spot is formed by the 
convergence of the first luminous flux which 
has been transmitted through the periphery 
portion of the objective lens and then transmit- so 
ted through the first light transmissive flat plate 
having the thickn ess 1 1 , 

and the aberration of the center portion is cor- 
rected such that a light spot is formed by the 
convergence of the second luminous flux which 2S 
has been transmitted through the center por- 
tion of the objective lens and then transmitted 
through a light transmissive flat plate having a 
thickness in the range from about (t2 x 0.7) to 

t2. 30 

1 2. An optical head according to claim 1 1 , wherein the 
thickness t2 of the second light transmissive flat 
plate is set at a thickness approximately twice as 
large as the thickness tl of the first light transmis- 35 
srve flat plate. 

13. An optical head according to claim 10, wherein, 
assuming the thickness tl of the first light transmis- 
sive flat plate to be about 0.6 mm and the thickness 40 
t2 of the second light transmissive flat plate to be 
about 1 .2 mm, 
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14. An optical head according to claim 10. further com- 
prising aperture control means tor limiting the aper- 
ture of the objective lens. 

wherein the aperture of the objective lens is 
limited by the aperture control means when the 
second luminous flux emitted from the second light 
source is converged onto the information recording 
surface of the second light transmissive flat plate. 

15. An objective lens according to claim 14, wherein 
the aperture control means is a wavelength filter for 
transmitting the second luminous flux emitted from 
the second light source and blocking the first lumi- 
nous flux emitted from the first light source. 

16. An optical head according to claim 10, further com- 
prising separation means for separating the lumi- 
nous flux, which has been reflected by or 
transmitted through either the information recording 
surface of the first light transmissive flat plate or the 
information recording surface of the second light 
transmissive flat plate, into the first luminous flux 
which has been transmitted through at least the 
periphery portion of the objective lens and the sec- 
ond luminous flux which has been transmitted 
through the center portion of the objective lens, 

wherein the photodetector detects the first 
and the second luminous fluxes, thereby outputting 
respective electric signals, 

and wherein the electric signal of the photo- 
detector corresponding to the first luminous flux is 
selected when the first luminous flux is converged 
onto the information recording surface erf the first 
light transmissive flat plate, 

and wherein the electric signal of the photo- 
detector corresponding to the second luminous flux 
is selected when the second luminous flux is con- 
verged onto the information recording surface of the 
second light transmissive flat plate. 

17. An optical head according to claim 1 6, wherein the 
separation means is a polarizing hologram. 



the aberration of the periphery portion is cor- 
rected such that a light spot is formed by the as 
convergence of the first luminous flux which 
has been transmitted through the periphery 
portion of the objective lens and then transmit- 
ted through the first light transmissive flat plate 
having the thickness of about 0.6 mm, so 
and the aberration of the center portion is cor- 
rected such that a light spot is formed by the 
convergence of the second luminous flux which 
has been transmitted through the center por- 
tion of the objective lens and then transmitted ss 
through a light transmissive flat plate having a 
thickness in the range from about 0.84 mm to 
about 1.2 mm. 



18. An optical head according to claim 10, wherein, 
assuming the wavelength of the first luminous flux 
emitted from the first light source is in the range 
from about 600 nm to about 700 nm and the wave- 
length of the second luminous flux emitted from the 
second light source is in the range from about 750 
nm to about 860 nm, the numerical aperture of the 
center portion of the objective lens is set to be sub- 
stantially equal to about 0.45 and the numerical 
aperture of the periphery portion of the objective 
lens is set to be substantially equal to about 0.6. 

19. An optical head comprising: 

a light source for emitting a luminous flux; 
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an objective lens for converging the luminous 
flux onto either the information recording sur- 
face of a first light transmissive flat plate func- 
tioning as a recording medium or the 
information recording surface of a second light 5 
transmissive flat plate also functioning as a 
recording medium; 

separation means for separating the luminous 
flux, which has been reflected by or transmitted 
through either the information recording sur- 10 
face of the first light transmissive flat plate or 
the information recording surface of the second 
light transmissive flat plate, into a first luminous 
flux which has been transmitted through the 
periphery portion of the objective lens and a is 
second luminous flux which has been transmit- 
ted through the center portion of the objective 
lens; and 

a photod elector for detecting the first and the 
second luminous fluxes, thereby outputting 20 
respective electric signals. 

20. An optical disk device, comprising an optical head, 
for recording/reproducing information onto/from the 
information recording surfaces of a first and a sec- 25 
ond optical disks which have respectively different 
thicknesses and are used as the first and the sec- 
ond light transmissive flat plates of the optical head, 

the optical head including a light source for so 
emitting a luminous flux; an objective lens for 
converging the luminous flux onto either the 
information recording surface erf a first light 
transmissive flat plate functioning as a record- 
ing medium or the information recording sur- 3S 
face of a second light transmissive flat plate 
also functioning as a recording medium; and a 
photodetector tor detecting the luminous flux, 
which has been reflected by or transmitted 
through the information recording surface of ao 
the first or the second light transmissive flat 
plate, thereby outputting an electric signal, the 
objective lens including a center portion and a 
periphery portion surrounding the center por- 
tion, an aberration of the periphery portion as 
bring corrected such that a light spot is formed 
by the convergence of the luminous flux which 
has been transmitted through the periphery 
portion and then transmitted through the first 
light transmissive flat plate, and an aberration so 
of the center portion being corrected such that 
a light spot is formed by the convergence of the 
luminous flux which has been transmitted 
through the center portion and then transmitted 
through the second light transmissive flat plate ss 
which Is thicker than the first light transmissive 
flat plate, 

wherein the objective lens of the optical 
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head converges the luminous flux onto the 
information recording surfaces of the first and 
the second optical disks, 

and wherein the photodetector of the 
optical head detects the luminous flux, which 
has been reflected by or transmitted through 
the information recording surface of the first or 
the second disk, thereby outputting an electric 
signal. 

21. An optical disk device, comprising an optical head, 
for recording/reproducing information onto/from the 
information recording surfaces of a first and a sec- 
ond optical disks which have respectively different 
thicknesses and are used as the first and the sec- 
ond light transmissive flat plates of the optical head, 

the optical head including a first light source for 
emitting a first luminous flux; a second light 
source for emitting a second luminous flux hav- 
ing a wavelength different from a wavelength of 
the first luminous flux emitted by the first light 
source; an objective lens for converging the 
first luminous flux onto the information record- 
ing surface of a first light transmissive flat plate 
functioning as a recording medium and for con- 
verging the second luminous flux onto the infor- 
mation recording surface of a second light 
transmissive flat plate also functioning as a 
recording medium; and a photodetector for 
detecting the luminous flux, which has been 
reflected by or transmitted through the informa- 
tion recording surface of the first or the second 
light transmissive flat plate, thereby outputting 
an electric signal, the objective lens including a 
center portion and a periphery portion sur- 
rounding the center portion, an aberration of 
the periphery portion being corrected such that 
a light spot is formed by the convergence of the 
first luminous flux which has been transmitted 
through the periphery portion and then trans- 
mitted through the first light transmissive flat 
plate, and an aberration of the center portion 
being corrected such that a light spot is formed 
by the convergence of the second luminous 
flux which has been transmitted through the 
center portion and then transmitted through the 
second light transmissive flat plate which is 
thicker than the first light transmissive flat plate, 

wherein the objective lens of the optical 
head converges the luminous flux onto the 
information recording surfaces of the first and 
the second optical disks, 

and wherein the photodetector of the 
optical head detects the luminous flux, which 
has been reflected by or transmitted through 
the information recording surface of the first or 
the second disk, thereby outputting an electric 
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22. An optical disk device, comprising an optical head, 
for recording/reproducing information onto/from the 
information recording surfaces of a first and a sec- s 
ond optical disks which have respectively different 
thicknesses and are used as the first and the sec- 
ond light transmissive flat plates of the optical head, 

the optical head including: a light source for 10 
emitting a luminous flux; an objective lens for 
converging the luminous flux onto either the 
information recording surface of a first light 
transmissive fiat plate functioning as a record- 
ing medium or the information recording sur- rs 
face of a second light transmissive flat plate 
also functioning as a recording medium; sepa- 
ration means for separating the luminous flux, 
which has been reflected by or transmitted 
through either the information recording sur- so 
face of the first light transmissive flat plate or 
the information recording surface of the second 
light transmissive flat plate, into a first luminous 
flux which has been transmitted through the 
periphery portion of the objective lens and a 25 
second luminous flux which has been transmit- 
ted through the center portion of the objective 
lens: and a photodetector for detecting the first 
and the second luminous fluxes, thereby out- 
putting respective electric signals, 30 

wherein the objective lens of the optical 
head converges the luminous flux onto the 
information recording surfaces of the first and 
the second optical disks, 

and wherein the photodetector of the 3£ 
optical head detects the luminous flux, which 
has been reflected by or transmitted through 
the information recording surface of the first or 
the second disk, thereby outputting an electric 
signal. 40 
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